Background: The recommended chest compression technique for a single rescuer performing infant cardiopulmonary resuscitation is the two-finger technique. For 2 rescuers, a two-thumb-encircling hands technique is recommended. Several recent studies have reported that the two-thumb-encircling hands technique is more effective for high-quality chest compression than the two-finger technique for a single rescuer performing infant cardiopulmonary resuscitation. We undertook a systematic review and meta-analysis of infant manikin studies to compare two-thumb-encircling hands technique with two-finger technique for a single rescuer.
Introduction
There are approximately 16,000 pediatric cardiac arrests in the United States annually. [1] The data in previous studies indicated that >25% of children treated for in-hospital cardiac arrests (IHCA) survive to discharge and >10% of children treated for out-of-hospital cardiac arrests (OHCA) survive to discharge. [2] The survival rate following pediatric cardiac arrest is higher than that following adult cardiac arrest. [3] However, the neurologic outcome for pediatric post-cardiac arrest patients with a return to spontaneous circulation is poorer than that for adults. [4] Even among pediatric cardiac arrest events, the survival rate and the neurologic prognosis for infants are poorer than for children and adolescents. [4] In recent International Liaison Committee on Resuscitation (ILCOR) cardiopulmonary resuscitation (CPR) guidelines, the survival rate and favorable neurologic outcome are reported to be closely related to the quality of the CPR. [5, 6] Chest compression depth (CCD) and rate (CCR), decompression, and minimization of hands-off time during CPR are important factors affecting the delivery of high-quality chest compression. [5] According to the 2015 American Heart Association (AHA) guidelines, the recommended chest compression technique for infant cardiac arrest is the two-finger technique (TFT) for a single rescuer and the two-thumb encircling technique (TTT) for 2 rescuers. [5] To minimize the hands-off time for a single rescuer, it has been suggested that switching from chest compressions to ventilation using the TFT would be easier to perform. In addition, rescuers should provide chest compressions with a depth that is at least one-third the anterior-posterior diameter of the chest, approximately 1.5 in. (4 cm) in infants. [5] The recommendation for the CCR is 100 to 120 counts per minute. [5] Some of previous studies reported that duration of external CPR is the best indicator associated with survival. [7, 8] When resuscitation is started soon, survival is increased. [7] In addition, several studies have reported on approaches to providing highquality chest compressions. According to Sandeep et al, [9] 2 pediatric studies reported good outcomes when the arrests were witnessed and prompt and presumably excellent CPR was provided. For example, there are studies to improve the quality of chest compressions using feedback devices, [10, 11] or to develop and compare new chest compression methods for infant CPR that have not been previously available. [12] [13] [14] [15] [16] In addition, some studies have compared the effects of providing TFT and TTT for single rescuers. [17] [18] [19] [20] These studies reported that, for a single rescuer, TTT is a more effective technique than TFT to perform high-quality chest compression. However, to our knowledge, no study has analyzed and synthesized the results of these studies.
Therefore, the aim of the present study was to analyze the results of previously published randomized controlled trials (RCTs), and to perform a systematic review and meta-analysis to evaluate the comparison of TTT and TFT during infant CPR performed by a single rescuer.
Methods
Ethics committee is not applicable in this meta-analysis.
Data sources and search strategy
To avoid duplication of records, we searched data using PROSPERO records. Then where the protocol has not been published and is not available anywhere other than PROSPERO.
The research question was based on the PICO (Population, Intervention, Comparison, and Outcome) guideline was as follows: "The BLS (Basic Life Support) provider (P), Two-thumb encircling method (I), Two-finger method (C), The Quality of CPR (O)." Our study included articles written in English only and RCTs published prior to 2017. We selected infant manikin studies that perform TTT and TFT. All the included studies were cross-over design studies. We searched, using the following keywords "two thumb," "twothumb," "two thumbs," "two-thumbs," "mannequin," "mannequins," "manikin," "manikins," and "patient simulation" on MEDLINE, EMBASE, and in the Cochrane library database.
A total of 69 studies were retrieved from the research databases then we excluded 32 of duplication studies. We then included manikin studies that had compared single rescuer chest compression methods in CPR simulation. After title and abstract screening, we excluded the 20 of non-relevant articles with our purpose. We reviewed the full-text articles and then excluded for the following reasons: review articles (n = 1), study design (n = 9), study protocol (n = 1). Finally, 6 studies were included, according to our study inclusion criteria, shown in Fig. 1 .
Data extraction
We extracted the data from 6 RCTs. For analysis of study characteristics, we confirmed data such as name of the first author, year of publication, study design, number of participants, manikin materials, the compression and ventilation ratio (CV ratio), compression duration, and outcome data. Our primary outcome was the mean value of CCD, which was measured in mm. The median values in 2 studies were converted to mean values. Our secondary outcome was the CCR, which was evaluated as counts/ min and extracted using the same method. In addition, we used subgroup data from 1 study for meta-analysis. [20] 
Risk of bias assessment
We evaluated the risk of bias through applying the Cochrane collaboration tool. The risk of bias was assessed using the bias of selection, performance, detection, attrition, reporting, and other sources of bias and was divided into "low risk," "high risk," and "unclear." [21] 
Statistical analysis
The analyses were conducted using Review Manager (version 5.3), and a statistical significance level was defined as a = 0.05. A P-value <.05 was considered to be statistically significant. The CCD and CCR were presented as means, standard deviation (SD) values, and 95% confidence intervals (CIs). First, we applied the fixed-effect model for identification of heterogeneity, and conducted a Q test and a chi-squared test, and then considered the heterogeneity through presented data of I 2 and P-values. The heterogeneity of effect size was defined as low (25%), intermediate (50%), or high (75%). [22] In addition, a P-value of <.01 using a chi-squared test indicated the presence of heterogeneity, and we applied a random-effect model instead of a fixed-effect model accordingly.
Results

Eligible studies and study characteristics
Through searching the database, we identified and included 6 studies that had compared TTT and TFT. The characteristics of Table 1 . All the included studies were manikin studies undertaken between 2012 and 2017. In each study, the participant numbers differed from between 20 and 120. A total of 278 participants were included in our research. In 2 studies, the chest compression and ventilation ratio was 15:2, [13, 18] and in 2 other studies the compression and ventilation ratio was 30:2. [17, 20] In 2 further studies, only chest compressions had been performed. [12, 19] In 5 studies, chest compressions were performed for 2 minutes. [12, 13, [18] [19] [20] Only 1 study offered chest compressions for 5 minutes. [17] In 2 studies, the hands-off time (seconds) was evaluated, [13, 18] and 2 studies reported chest recoil (%) in their results. [12, 13, 18] 
Risk of bias assessment
The risk of bias assessment is shown in Fig. 2 . Five of the randomized cross-over design studies controlled for selection bias (e.g., random sequence generation, allocation concealment), [12, 13, 18, 19] but 2 studies considered that the allocation concealment was unclear. [17, 20] There was attrition bias (e.g., incomplete outcome data) in cases where the number of participants was not in accordance with the N value of the outcome [20] and when the outcome was not indicated in the study results. [17] All of the included studies were controlled for detection bias using electronic devices and, consequently, were graded as low risk for blinded outcome assessment. In addition, studies were graded as unclear when bias assessment was not reported. 
Meta-analysis of primary outcome measures
Electronic devices were used to automatically evaluate all of the study outcomes. Four studies evaluated the mean CCD according to the mean value, [17] [18] [19] [20] but 1 study used the median value. [13] All data were converted to mean values and we then performed the analysis. We extracted subgroup data from 1 study using the 7 samples of CCD in the analysis. Our results showed that TTT offered significantly deeper CCD than TFT (mean difference [MD], 5.50; 95% CI 0.32-10.69; P = .04) (Fig. 3A) .
Meta-analysis of secondary outcome measures
Six samples extracted from 5 studies were used for analysis to compare the mean CCRs, and 3 studies reported the outcome as a mean value whereas 2 studies reported median values. Our study only used mean values and we converted median values to means. Table 1 Characteristics of studies included in the review. TFT was relatively faster than TTT; however, this was not statistically significant (MD, 7.89; 95% CI, 0.99-16.77; P = .08) ( Fig. 3B ).
Discussion
Children have limited compensatory mechanisms to deal with severe illness or injury. The illnesses and pathophysiological responses of pediatric patients often differ from those seen in adults. [5] Pediatric cardiac arrest is not a single problem. Although the anatomical structure and the common cause of cardiac arrest in children differ from those in adults, the recent CPR guideline emphasize the importance of chest compression in all ages. [5, 6] One of the most important factors in CPR is the delivery of high-quality chest compression. [9] CCD, chest decompression, CCR, and hands-off time are all factors relating to high-quality chest compression.
All RCTs included in this study reported that TTT provided deeper CCDs than TFT. [12, 13, [17] [18] [19] [20] We conducted a metaanalysis based on 6 relevant studies. Based on the results of these 6 studies, our analyses indicated that TTT provided significantly deeper chest compression than TFT (P = .04). In addition, there were no significant differences for CCRs between the 2 methods in 2 studies, [18, 19] while several studies reported that TFT provided a faster CCR than TTT. [12, 13, 20] However, there was no statistically significant difference between the 2 methods in this meta-analysis (P = .08).
The reasons why TTT provided higher quality chest compressions are complex. One previous study suggested that effective chest compressions could not be achieved using TFT over a long duration because the rescuer performing TFT would become more easily fatigued. [17] In addition, Jo et al [14] analyzed differences in the strength of each finger and reported that the finger strength when performing the TTT was significantly higher than that of the other two-finger combinations.
Based on our study results, we cannot conclude that changing the guidelines recommended for TFT to TTT for a single rescuer would lead to a higher survival rate and a favorable neurologic prognosis. However, based on previous research results, we were able to conduct the first comparative meta-analysis concerning these techniques and provide more objective evidence. Several studies have reported that high-quality chest compressions had not been provided for actual adult patients or in cases of pediatric cardiac arrest. [23] [24] [25] [26] In addition, Jang et al [27] reported that the compression methods, including TTT, could not provide the required CCD as per the current guidelines in an infant inhospital cardiac arrest situation. Because it is difficult to perform effective chest compressions, many studies have been conducted using varying approaches to ensure high-quality chest compressions, and the techniques for high-quality chest compressions have been revised in the guidelines accordingly. [8, 9, 28, 29] Since the guideline for CCD has changed, several studies comparing TTT and TFT could not be included in this meta-analysis. However, significant differences have been reported concerning these techniques. [30] [31] [32] Hands-off time is also an important factor in assessing the quality of chest compressions. [8, 9] An increase in the hands-off time during CPR is associated with a decrease in the survival rate of out-of-hospital cardiac arrest. [33] Although these results pertain only to adults, the basic principles of pediatric CPR do not differ from adults. For this reason, several studies reported that TTT is not recommended for a single rescuer due to concerns of increased hands-off time because of difficulties in shifting between chest compression and ventilation. [12, 13, 17] However, Udassi et al [30] reported a statistically significant difference in hands-off time between TTT and TFT, but the difference was only 0.6 seconds and there was no difference in the effective ventilation between the 2 methods. In addition, Lee et al [18] reported that the difference in total hands-off time for 2 minutes of CPR between the 2 methods was only approximately 2 seconds. The hands-off time is an important parameter related to the survival rate for cardiac arrest. However, it is not known whether this small difference would affect the survival rate.
Further study concerning hands-off time is likely to help improve the current chest compression method. There were several limitations to this study. First, the RCTs included in this analysis were simulation studies using a manikin rather than clinical studies and therefore could not completely reflect the clinical scenario. Second, the studies included in the meta-analysis were experimental studies of the medical technique, and the results would differ depending on the experience or proficiency of the participants in the experiment. Third, we found significant heterogeneity in the main analysis due to several factors including the study methods involved and the participants included in the studies. The results of the metaanalysis should be interpreted in consideration of this heterogeneity. Finally, parameters such as ventilations and hands-off time for high-quality CPR were not available because the measurement standards differed in each study and the results were insufficient quantity to draw informed conclusions. Further studies are required in relation to further relevant parameters.
Conclusion
In our meta-analysis based on previous simulation studies, the TTT provided deeper CCD than the TFT for a single rescuer. However, there was no statistically significant difference between the TTT and the TFT in terms of the CCR. These results provide evidence that the TTT is a suitable compression method to offer high-quality CPR for a single rescuer. For infant cardiac arrest, however, additional studies are necessary to confirm whether the TTT is an appropriate method.
